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Description 

The invention concerns a method for the preparation of titanium-silicalites, suited for the catalysis of 
many organic syntheses, in particular the ammoximatlon in the liquid phase of carbonyl compounds (see 
s EP-A-208 311) and the synthesis of propylene oxide (see EP-A-200 260). 

US-A-3 702 886 discloses a new class of elumlno-slHcates, prepared by hydrothermal (or, by. other • 
denomination, "isothermal") synthesis, In the presence of a templating agent, which alumino-silicates show 
a zeolitic structure, nowadays referred to as PENTASIL structure because of the geometrical shape of the 
secondary structural units; these alumino-silicates mainly consist of ZSM-5 zeolites. More recent catalysts 

to completely consist of crystalline silicas (substantially aluminum free), having a zeolitic structure of the 
PENTASIL type, similar to the structure of the ZSM-5 zeolites, as disclosed In US-A-4 073 885 and 4 061 
724, these particular silicas being referred to as "silicalltes". Still more recently US-A-4 410 501 disclosed a 
synthetic, crystalline and porous catalytic material, containing titanium, silicon and oxygen In a combined 
form and having a structure similar to the structure of the silicalite, wherein titanium is present in the 

is structure as a partial substituent for silicon; in said US-A this kind of material is clearly indicated by the 
expression "titanium -silicalite" and the same term is used In a large number of other patent documents as 
well (EP-A-132 550; 180 609; 208 311; and 267362). 

The preparation of the titanium-sllicalites was based, until now. on the initial formation of a gel 
dispersed in an aqueous solution, followed by a heat treatment in an autoclave under autogenous pressure 

20 (hydrothermal synthesis); as the silicon source use was made of a tetra-alkyl-ortho-silicate, of silica In the 
colloidal form or of an alkali metal silicate and as the titanium source use was made of hydrolyzable 
compounds, selected preferably from TiCL, TiOCI 2 and TI (alkoxy)*. Said preparations required, however a 
high H 2 0:SiOa ratio, as well as a high (templating agent):Si0 2 ratio and the reactants had to be heated at a 
very high temperature for a very long time. There has now been found an alternative, very simple and 

25 reliable method, which allows to prepare a titanlum-silicalite while lowering In a drastic way the H 2 0:SI0 2 
ratio and therefore the amount of the reactants, as well as the volume of the apparatus. 

The invention, in its broadest aspect, resides In a method for the preparation of titanium-silicalites, in 
the presence of a templating agent, wherein a Ti0 2 -SI0 2 coprecipitated material, amorphous or having a 
crystalline structure and containing titanium, silicon and oxygen in combined form, is impregnated 

30 (preferably "dry-impregnated") with an aqueous solution of said templating agent and in that the thus 
impregnated material which shows certain molar ratios of its components (see below) is made to acquire 
the zeolitic structure of the titanium-silicalites by means of a hydrothermal synthesis as described below. 

The above TiCVSiOz coprecipitates, which are also known as "Ti0 2 -Si0 2 binary oxides" or as M Ti0 2 - 
Si02 mixed oxides" are solid compounds obtained by bringing into contact, under precipitation conditions, 

35 at least two solutions (in water and/cr In another solvent) containing soluble compounds of titanium, silicon, 
and oxygen; the composition and morphologic structure of these compounds may greatly change depend- 
ing on the reactants concentration, on the solution pH, on the solvent nature and on other coprecipitation 
conditions. Examples concerning the preparation of these coprecipitates are given in JOURNAL OF 
CATALYSIS 35, 225-231 (1974) and the literature referred to therein. The possible crystalline structure of 

^0 said Ti0 2 -Si5T coprecipitates, obviously, must be different from the crystalline structure of the derivative, 
i.e. of the titanium-silicalites. 

By operating in such a way the hydrothermal synthesis is carried out in the presence of lower amounts 
of templating agent and at a lower temperature, with respect to the usual methods. The present method 
allows to avoid the formation of a gel dispersed in the liquid phase and therefore the synthesis time Is 

45 lowered in a drastic way; moreover It allows to use, as the silicon and titanium sources, solid Ti02-SI0 2 
coprecipitates, which can be easily obtained or are commercially available. 

The TiCfe-SiOs coprecipitates generally show a composition range, expressed as Si0 2 :Ti02 molar ratio, 
from 20 to 200. Excellent results were obtained by using TiOs-SiO? commercial coprecipitates showing a 
SiOa-TiQs molar ratio from 30 to 80. The TlOz-Si0 2 coprecipitates having a high pore volume and a high 

so surface area, for Instance a pore volume higher than 0,5 cm 3 /g and a surface area higher than 200 m 2 /g, 
proved to be particularly suitable. These coprecipliates are generally available as a powder or in the form of 
pellets (average size = about 1-3 mm). 

When starting from powders, the average size of the obtained titanium-silicalites ranges from 0.2 to 0.5 

urn. 

55 The Ti0 2 -Si0 2 coprecipitates. preferably dried at 100-300* C. are impregnated with an aqueous solution 
of the templating agent; excellent results were obtained by using the dry impregnation technique described, 
for instance. In IND. ENG. CHEM. PROD. RES. DEV. 20, 441 (1881). 

As it is known, there are numerous templating agents which can give rise to zeolites, silicalites and 
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tltanlunvsilicalites showing a PENTASIL structure; see, for instance, la Chimica e rindustria (Vol. 67 N. 1-2; 
January-February 1985). Merely exemplary for safd templatlng agents are amines, organic nitro-com- 
pounds, alkylene glycols and alkanolamines; use is generally made of tetra-propyf ammonium hydroxide or 
bromide. The thus impregnated solid is then transferred Into an autoclave and it is kept there at 130-170* C 

5 for 2 to 20 days, preferably 3 to 11 days. When the synthesis is over, the solid is rinsed with H 2 0 until a 
neutral pH is obtained; afterwards it is dried, for instance at 120"C, and calcined, for instance at 430* C. 
Alternatively, the product may be subjected, after drying and before calcination (or after calcination), to an 
"activating" washing based on hydrogen peroxide, optionally In the presence of an inorganic acid, as 
described, for instance, in EP-A-267362. The composition of the material to be subjected to the hydrother- 

10 mal synthesis, expressed as molar ratio of the reactants, is as follows: 





preferably 


SiCfc : TiOa 
| OH" : SiO* 
H 2 0 : Si02 
FUN* : SiOa 


20-200 
0.03-0.20 
0.10-10 
0.03-0.20 


30-80 
0.05-0.10 
0.50-4 
0.05-0.10 


R4N* being the organic cation corresponding to the templating agent used. 



20 

The X-ray diffractometric analysis shows that the compound obtained according to the present method 
is crystalline end is characterized by the typical reflexes of the titaniurn-slllcallte, reported in US-A- 
4,410,501. In figure 1 a typicaJ diffractogram is shown, obtained from the product prepared according to the 
process described in Example 1 , by using the Ka radiation of copper. The presence of titanium as a partial 

26 substituent for silicon, in the crystalline zeolitic structure, was confirmed by the presence, in the infrared 
(I.RL) spectrum, of a characteristic absorption band having a maximum substantially at 950 cm" 1 . This band, 
as shown in US-A-4,4 10,501, does not appear in the I.R. spectrum of the pure silicallte, free from titanium, 
or in the mechanical mixtures of metal-silicates and of titanium dioxide described US- A-3, 941 ,871 . 

In figure 2 an I.R. spectrum Is set forth, which is typical of the compouhd obtained according to the 

30 process described in example 1. The measurement of the band intensity at 950 cm -1 on a large number of 
samples of well crystallized Utanium-sllicalites having a different titanium content allowed to determine the 
numerical factor to be used for the calculation of the titanium concentration, just starting from the intensity 
of the band at 950 cm" 1 . The determination of the absorption Isotherm of nitrogen, according to the known 
BET method, allowed to ascertain that the volume of the intercrystalline cavities was 0.170-0.185 cm 3 /g. 

as typical of the crystalline solids having a structure of the PENTASIL type, Just as the titan ium-silicailtes. The 
titanium-slllcalltes prepared according to the Invention and in which the molar ratio Ti/(Ti + Si) ranged from 
0.0120 to 0.0190. were successfully used for the ammoximation of carbonyl compounds such as, for 
instance, acetone, cyciohexanone. methyl-ethyl-ketone (butan-2-one), acetophenone and cyclo-dodecanone, 
as well as for the oxidation of propylene to propylene oxide. 

ao The ammoximation may be carried out at 25-100 *C (preferably 30-90* C. in particular 60-90 *C), The 
reaction may be carried out at atmospheric pressure or at a pressure slightly higher than atmospheric, in 
order to maintain the NH 3 , in amounts at least equal to the synthesis requirement, dissolved in the reaction 
medium. The molar ratio H2O2: carbonyl compound may generally range from 0.3 to 2.5 and preferably 
from 0.5 to 1.3, where H2O2 denotes pure (100%) hydrogen peroxide (any dilution water excluded). The 

45 molar ratios Nhb: ketone, carbonyl compound: NH 3 and NH 3 :H 2 02 are preferably equal to or higher than 1 
(even better higher than 1 .5), otherwise parallel reactions can occur. The reaction medium may consist of 
water or of an organic solvent; tert-butanol and/or cyciohexanol, optionally In admixture with dioxane or 
toluene, proved to be particularly suitable solvents. The molar ratio solvent: carbonyl compound may 
generally range from 0.1 to 100. 

50 The following examples illustrate the invention, without limiting however in any case its scope. 

Example t 

20 g of an (amorphous) TIO2-SIO3 coprecipitate. available from GRACE Company as GRACE Silica- 
ss Titania No. 1 TYPE I, containing 2.6% by weight of Ti, having a surface are (BET) of 467 m 2 /g and a pore 
volume of 1.07 cm 3 /g, were dried at 300 * C for 4 hours; thereafter said material was dry-impregnated with 
20 ml of an aqueous solution of tetrepropyl-ammonium hydroxide at 20% by weight The thus Impregnated 
solid material was directly transferred Into a 50 ml autoclave, where the hydrothermal synthesis was carried 
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out at 150* C for 10 days, without stirring. Then the solid product was rinsed with deionized H 2 0 until 
neutral, dried at 120* C for 15 hours and calcined at 430' C for 10 hours. The molar ratio Ti ; (Tl + Si). in the 
end product, was 0.0188, according to the elemental analysis, and 0.0183 according to the analysis by 
infrared (I.R.) spectrophotometry. The difference between the two values was not higher than the overall 
s experimental error of the two methods. The volume of the intercrystalline cavities, measured by nitrogen 
absorption, was 0.182 cm 3 /g, corresponding to a crystallinity degree higher than 95%. The average s|2e of 
the obtained particles was 0.5 um. 

Example 2 (application example) 

10 

A glass reactor, equipped with a stirrer and heating jacket, was pressurized with an inert gas (nitrogen). 
Then 1.5 g of a fine powder of titanlum-sificalite, obtained according to example 1 were loaded into the 
reactor. One added then 21 g of water <U7 moles), 25 g of t-butyl alcohol (0.34 moles) and 4 g of 
ammonia (0.24 moles); after having put the whole under stirring, 10.34 g of cyclohexanone (0.105 moles) 
75 were loaded, thereby forming a biphasic (solid-liquid) system, that was kept homogeneous by powerful 
stirring. The temperature was gradually increased up to 80'C, by conveying a thermostatic liquid into the 
reactor jacket One started then to feed into the reactor, by means of a metering pump, an aqueous solution 
of hydrogen peroxide at 27.4% by weight. During the heating, the pressure rose slightly above the 
atmospheric level. 

20 The addition of hydrogen peroxide was continued over 5 hours and 11,33 of H2O2 (0.098 moles) were 

fed (on the whole): during the addition a pressure drop was noted. 

After cooling, one added to the thus obtained suspension ethyl ether and one stirred for a few minutes; 

then the aqueous and ether phases were separated from the catalyst by filtration. The liquid phases were 

separated (In a separatory funnel) and the gaschromatographic analysis showed an 85.4% cyclohexanone 
25 conversion and a 95.9% selectivity to oxlme; 6.4% of H 2 Oz was lost because of decomposition and the 

oxime yield (with respect to H 2 Oe) was 90.0%. 

Example 3 (Activating washing of the catalyst with HgQ 2 ). 

30 10 g of the titaniurn-silicalite prepared according to example 1 were soaked (at 70* C) In an aqueous 
solution, prepared by mixing, under stirring. 20 ml of aqueous H2O2 (at 30% by weight) with 177 ml of 
aqueous H 2 SO* at 10% by weight; after 2 hours the liquid was separated by decantation. This activating 
washing (with H2O2 and H 3 SO*) was repeated twice with fresh solutions, whereafter a filtration was carried 
out, followed by a long rinsing with delonl2ed H2O (until neutral). The rinsed solid was dried at 120* C for 

35 15 hours and finally calcined in air at 550* C for 2 hours. The molar ratio Ti:(TI + Si). in the end product was 
0.0167 according to the elemental analysis. The volume of the intercrystalline cavities, measured by 
nitrogen absorption, was 0.183 cm 3 /g. 

Example 4 (application example) 
40 ""*' 

Example 2 was repeated .replacing the former catalyst by a catalyst activated by a treatment with 
HjSOi and H2O2 as described in example 3; the experimental procedure was the same, whereas the 
amounts of the reactants were: 10.42 g of cyclohexanone (0.106 moles) and 11.67 g of H 2 02 at 2.4% (0.094 
moles). One obtained the following results: 



Cyclohexanone conversion 


83.8% 


Selectivity of cyclohexanone to oxlme 


99.7% 


Oxime yield (with respect to HaOs) 


94.4% 


Hydrogen peroxide loss 


2.5% 



Example 5 

55 Example 3 was repeated, replacing, the basic co precipitate by an amorphous co precipitate available 
from GRACE Company as Silica-Titania No. 2 Type III, containing 1 .38 by weight of titanium, having a 
surface area (BET) of 342 m 2 /g and a pore volume of 1.21 cm 3 /g. The product obtained from the 
hydrothermal synthesis, activated by a treatment with HfeSOc and hydrogen peroxide, showed a molar ratio 
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Ti:(Ti + Si) of 0.0122 according to the elemental analysis. The volume of the intercrystalline cavities, 
measured by nitrogen absorption, was 0.184 cm 3 /g, corresponding to a crystallinity degree of 98%; the 
average size of the obtained particles was about 0.5 um. 

5 Example 6 (application example) 

Example 2 was repeated, replacing the former catalyst by a catalyst prepared according to the 
procedure described In example 5 (starting from a different TI02-SI02 matrix).activated # after the hydrother- 
mal synthesis, by a treatment with H2SO4 and hydrogen peroxide; the amounts of the reactants were 9.51 g 
70 of cyclohexanone (0.097 moles) and 10.25 g of H2O2 at 31.5% (0.095 moles) The obtained results were: 



Cyclohexanone conversion 


88.8% 


Selectivity of cyclohexanone to oxime 


100% 


Oxime yield (with respect to H 2 0 2 ) 


91 .7% 


Hydrogen peroxide loss 


7.5% 



The results of the examples 2,4 and 6 are summarized in Table 1 . 
20 TABLE 1 





EXAMPLE 


2 


4 


6 




Catalyst 


From ex.1 


From ex.3 


From ex.5 


25 


Ketone conversion {%) 


85.4 


83.8 


88.8 




Selectivity of ketone to oxime (%) 


95.9 


99.7 


100 




Oxime yield, with respect to (%) 


90.0 


94.4 


917 




H2O2 loss (%) 


B.4 


2.5 


- 7.5 
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Claims 



1, A method for the preparation of tltanlum-slllcalites in the presence of a templating agent, wherein a 
coprecipltated TiCVSiOz material, amorphous or having a crystalline structure and containing titanium, 
silicon and oxygen in combined form, is impregnated with an aqueous solution of said templating agent 
and the thus Impregnated material which shows the following molar ratios; 

SiOa/TiOz = from 20 to 200 
OH-/S1O2 - from 0 03 to 0.20 
HzO/SiCfe * from 0.10 to 10 
FUNySiOx = from 0,03 to 0.20 

R4N* being the nitrogen containing organic cation corresponding to the templating agent used; 

is subjected to a hydrothermal synthesis comprising treatment at 130 to 170 'C In an autoclave for 2 to 

20 days, subsequent washing with water until neutral, drying and calcination. 

2, A method according to claim 1, wherein said coprecipitated material is amorphous. 

3. A method according to claim 1 or 2, wherein the pore volume of the coprecipitate is higher than 0.5 
cmVg, the surface area being higher than 200 m 2 /g. 

4, A method according to anyone of the preceding claims, wherein the Si02:Ti02 molar ratio in said 
coprecipitate ranges from 20 to 200 and preferably from 30 to 80. 

5. A method according to anyone of the preceding claims, wherein said coprecipitate is impregnated 
according to the dry impregnation technology. 

6. A method according to anyone of the preceding claims, wherein the titanium-silicalite is subjected, 
before being used, to an activating washing based on hydrogen peroxide, optionally in the presence of 
an inorganic acid. 
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7. A method according to anyone of the preceding claims, wherein said templating agent Is selected from 
tetrapropylammonium hydroxide and tetrapropylammonium bromide. 

8. A method according to claim 1, wherein the material to be subjected to the hydrothermal synthesis 
6 shows the following molar ratios: 

.SiQz/TiO? = from 30 to 80 
OH-/SI0 2 - from 0.05 to 0.10 
H 2 0/Si02 = from 0.50 to 4 
R*N*/Si0 2 * from 0,05 to 0.10. 

70 

Revindications 



1. Un procedS pour la preparation de silicatites de titane en presence d'un agent formant un gabarit, dans 
lequel un matSriau copnicipite de type TiO^-SiOa amorphe ou ayant une structure crletalline et 
t§ contenant du titane, du silicium et de I'oxygene sous une forme comblnde, est impregn$ avec une 
solution aqueuse de cet agent formant un gebaiit et !e mateViau ainsi lmpre*gne\ qui pr^sente les 
rapports molaires suivants : 
SiCfe/TiCfe de 20 a 200 
OH-/Si0 2 de 0,03 a 0.20 
20 HaO/Si0 2 de 0,10 a 10 

RjN'/SiCfe de 0,03 a 0,20 
FUN* Stant le cation organlque correspondent a I'agent formant un gabarit utilise; 
est soumls & une synthase hydrothermique comprenant un traitement entre 130 170'C dans un 
autoclave pendant 2 a 20 jours, un lavage ultSrfeur a I'eau jusqu'a neutrality, un sechage et une 
25 calcination. 



2. Un proc£d£ suivant fa revendication 1, dans lequel ce maMriau copreclplt£ est amorphe. 

3. Un proc$d3 suivant la revendication 1 ou 2, dans lequel le volume de pore du coprecipltS est sup^rieur 
30 a 0,5 cm 3 /g et I'aire superiiclelle est sup^rieure a 200 m 2 /g. 

4. Un procide suivant Tune quelconque des revendications prgc^dentes, dans lequel le rapport molaire 
SiOn/TiOj dans ce coprgcipite est de 1'ordre de 20 a 200 et de preference de 30 a 80. 

35 5, Un precede suivant Tune quelconque des revendications pr§c6dentes, dans lequel ce copr6ctpite est 
impregne selon la technologie d' impregnation a sec. 

6. Un proc4de suivant Tune quelconque des revendications prec6dentes ( dans lequel la silicalite de titane 
est soumise, avant utilisation, a un lavage activant a base de peroxyde d'hydnogene, eventuellement en 

40 presence d'un acide inorganlque. 

7. Un proce'de' suivant Tune quelconque des revendications prece*dentes. dans lequel cet agent formant 
un gabarit est choisi parmi I'hydroxyde de tetrapropylammonium et le bromure de tetrapropylammo- 
nium. 

45 

8. Un proced4 suivant Is revendication dans lequel le mat^riau devant etre soumis a la synthase 
hydrothermique pr^sente les rapports molaires suivants : 

SiOj/Ti0 2 de 30 a 80 
OhT/SiOs de 0,05 a 0,10 
so H 2 0/Si0 2 de 0,50 a 4 

RtN*/Si02 de 0.05 a 0,10. 



PatentansprUche 



56 1. Verfahren zur Herstellung von Titansilikallten in Gegenwart elner Templatverbindung, worin ein coprSzi- 
pitiertes Ti O2 -Si Oa -Material, das amorph oder von kristalliner Struktur ist und Titan, Silicium und 
Sauerstoff in kombinierter Form enthalt, mlt ainer wS/Jrigen Losung der Templatverbindung Imprfigniert 
wird und das impragnierte Material, welches die tofgenden MolverhSltnisse aufwelst: 



6 



HP 0 311 963 B1 



70 



SiC^/nO? = 20 bis 200 
OH-/SiOz * 0.03 bis 0,20 
hfeO/SiCfe = 0,10 bis 10 
R«N # /Si02 = 0,03 bis 0,20, 

wobef FUN das stlckstoffhaltige organische Kation ist, welches der verwendeten Tefnplatverblndung 
entsprlcht; 

einer hydrothermalen Symhese unterworfen wird. welche olne 2- bis 20tagige Behandiung in elnem 
AutoMaven bei 130 bis 170' C, anschlieflendes Waschen mit Wasser bis zur Neutralreaktion. Trocknen 
und Caicinieren urnfatft. 

2. Verfahren nach Anspruch 1, worin das coprSzipitlerte Material amorph 1st. 

3- Verfahren nach Anspruch 1 oder 2, worin das Porenvolumen des Coprazipitats grower als 0,5 cnrVg 1st, 
wobei die Oberflache grower als 200 m 2 /g ist. 

4. Verfahren nach Irgendeinem der vorangehenden A/tsprUcha, worin das Molverhaitnis Si0 2 /Ti0 2 In dem 
Coprazipitat 20 bis 200, vorzugswelse 30 bis 80, betragt 

5. Verfahren nach irgendeinem der vorangehenden AnsprQche, worin das Coprazipitat mittels einer 
20 TrockenlmprSgniertechnlk imprfigniert wird. 

6. Verfahren nach irgendeinem der vorangehenden AnsprUche. worin das Tftansilikalit vor der Verwendung 
einer Aktivlerungswaschung auf Basis von Wasserstoffperoxid, gegebenenfalls in Gegenwart efner 
anorganischen Sfiura, unterzogen wird. 



is 



25 



7. Verfahren nach irgendeinem der vorangehenden AnsprUche, worin die Templatverbindung ausgewShlt 
ist umer Tetrapropylammoniumhydroxid und Tetrapropylammoniumbromid. 

a Verfahren nach Anspruch 1, worin das der hydrothermalen Synthese unterzogene Material die folgen- 
30 den MoJverhfiKnisse aufweist: 
SiOa/TIO* = 30 bis 80 
OH-7Si0 2 = 0.05 bis 0,10 
H 2 0/Si02 = 0,50 bis 4 
FUN"/Si0 2 = 0.0S bis 0,10. 

35 




50 



65 
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